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ABSTRACT

Pressure distribution data are presented for four cone-cyliader-flare
configurations at Mach numbers of 1. 75 to 4. 5. The angle of attack
range was from -4 to + 12 degrees. Roll angles ranged from 0 to 180
degrees. The Reynolds number remained constant at approximately

j0.45 x 10 per inch. The boundary layer was made turbulent with a
grit ban. The basic pressure data (P/Poo) are.presented in tabularfform with the test conditions printed on each table.
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A wi-dth of grit ban, in.

B distane oi grit ban fom nose,

CONF con guzation nuxnber

D model reiemrnce diameter (1. 008). il.

free-s-trea-m Mach nnrber

P local static pressure, psia

PET free-stream static pressure, psia

t'ta! pressure, asia

PIP-4F Dressure ratio

90 free-stre-.rr dy-narnic pressuxre. Dsia

R local body radius, in-

RN Reynolds mr-mber, per in.

T total tempertu. , "

X longitudinal coordinate from nose, in.

e angle of attack, deg
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The models were mounted on a sting with 90-degree roll capability
to effectively obtain data from 0 through 360 degrees. A motor driven
strut was used for angle of attack variations. Pressure tubes were
placed along and through the sting to an outlet in the tunnel floor. Pres -
sure transducers were used to measure and record local pressures.
A photograph of the test setup is shown in Figure 1. High speed
computers were used to reduce the raw data and give punched card
output for further computerized data analysis.

3. MODELS

Four models were used for these tests. All models were
cone-cylinder-flare configurations, except one which included a
one-caliber skirt at tho base. Complete model dimensions are shown
in Figure 2 and a photograph of Configuration 17 ia shown in Figure 3.
Each model had a total of 40 pressure tubes, 20 along the top and 20
along the bottom. Pressure orifice locations (calibe'rs from the nose)
are listed in Table L The top row of orifices is designated

0 degree) and the bottom row is (* 180 degrees). Therefore, for
-a positive angle of attack, the 180-degree orifices would be windward

and the 0-degree orifices would be leeward.

4. TEST P'OREDURES

These tests were run on a low priority basis depending on

available time; consequently, each model was tested at different
times. Configuration 2 was t-strd intermittently during the period
of 21 May through 10 July 1964. Configuration 10 was tested from
23 November through 17 December 1964. Configuration 17 was tested
during the period of 14 through 24 June 1966, and Configuration 8 was

.st3d from 3 through 19 October 1966. in addition, a series of
Schlieren photographs, Schlieren movies, and shadowgraphs were
taken from 1 through 9 December 1966. Schlieren photographs and
shadowgraphs were also taken during each set of runs to check boundary
layer, shock patterns, and flow conditions, in general.

iThe test method, data reduction, and nomenclature were the same
for each test, except that the angle of attack was increased to 12

kdegrees and the grit ban was changed for Configurations 8, 10, and 17.
* Table U shows the location and size of grit ban used for each configu-

ration.

The forward set of tubes (10 on top and 10 on bottom) is the same
for all configurations. The aft set (10 on top and 10 on botton) is
molded into the different flare angle shells for easy model change.

=t2
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1- During the series of tests, several tubes on the forward set developed
leaks due to use and were replaced up to the base for Configuration 17.
Even with this partial replacement of tubes, several could not be
adequately repaired. Therefore, some of the data will be blanked
out in the tables.

E5. TEST CONDITIONS

The tests Were conducted through a Mach number range of
1.75 to 4. E. Angles of attack ranged from -4 to + 12 degrees for
Configurations 17 and 8, and -4 to + 8 degrees for Configurations 2 and

0. The roll angles were 0, 15, 30, 60, and 90 degrees (first quadrant)
on the top of the model and 180, 195, 210, 240, and 270 degrees (third
quadrant) on the bottom of the model. Flow angularities in the horizontal
plane were checked by rolling the model in the opposite direction at
representative test conditions. Since flow angularities were tegligible,
the second and third quadrants should be equivalent; likewise, the first
and fourth should be equal. Consequentlv, the third quadrant roll
angles (180 to 270 degrees) will be listed on final data as 90 to 180
degrees. The 90-degree data are actually an average of 90 and
270-degree data. The Reynolds number remained constant at about
0.45 x 106 per inch for most of the tests, with a few special runs as an
exception. The Reynolds number and average total temnperature are
printed on each set of data. In general, the temperature deviation
from average was less than 5 degrees for all runs. The boundary
layer was made turbulent with a grit ban trip.. Sch.iieren photographs
copfirmed the ex- tence of turbulent boundary layer.

6. DATA ACCURACY AND ANGLE CORRECTION

The accuracy of the pressure coefficient data is estimated,
using standard wind tunnel techniques, to be *0. 003 at Mach numbers
of 1.75 to 3.0 and *0.001 at Mach numbers 4.0 and 4.5. The roll
angle is accurate to approximately *0.5 degree. The set angle of
attack is accurate to about *0. 1 degree.

Sting deflection angles were recorded for several known loads

and positions. The actual load (normal force) and position (center of
pressure) during test are calculated using the present test conditions
and the previously reported force test coefficients (CN and Cm) o1
Ref. 1. Then, the angle of attack correction due to sting deflection
can be calculated using the sting deflection data and the calculated
loads.

i3

_ _ _ _ _ _ _ )

IJ



tI

7. SCHLIEREN PHOTOGRAPHS AND SHADOWGRAPHS

Severz. - hiieren photographs, Schlieren movies, and
shadowgraphs were taken during the tests and during a special setup
for movies. A representative set is shown in Figures 4 and 5. The

I test conditions for each photograph can be found on the corresponding
pressure data table.

18. DISCUSSION AND SUMMARY

The basic data are presented (Tables MU through VI) as the
pressure ratio (P/Pa*) at given stations (X/D) for all roll angles. Also,
presented are the minus roll angle runs (Configurations 2, 8, 10, and

17), different Reynolds numbers (Configurations 8, 10, and 17), and

the no-grit case (Configuration 10). These odd runs appear at the end
of each table or configuration. The test conditions are printed on
each table for quick reference. The basic data of Configurations 2,
10. and 17 were analyzed and published as a masters thesis in Ref. 2.
Comparisoni were made between experimental and theoretical normal
force distributions. A study vas made of the cross flow drag distri-
bution at the larger angles of attack. The cross flow separation
phenomena were discussed and illustrations were drawn up from the

present data to show the separated region.

One of the noticeable features of the Schlieren photographs is the
vortex emanating from the nose. The vortex is formed by the rolling
up of the separated cross flow boundary layer. The shadowgraphs do
riot show the vortex, as expected, but do show an interesting shock
pattern near the cylinder-flare juncture. The leeward side shock
sta:eting from the flare appear to be split initially, but the windward
side shock does not show such a pattern. Schlieren photographs illus-
trate the same shock patterns as shadowgrapx s; however, no
explanation is given for these observations. Possibly, the shock waves

i that region have a three-dimensional nature which would be confusing
when photographed as a two-dimensional plane. Another possibility
could be the unsteady nature of the vortex flow interacting with the shock
wave. Perhaps neither, but one can safely assu ,e that the flow field is
complex in the shock-induced separation region near the flare.
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Table i.Grit Ban

A

AB 
GRIT

(A. i. NO.

I .54~0.5 
0.5 so

1.75-4.5

8ll 10, 17 40-4.5 
.50.54
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